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ABSTRACT OF THE DISCLOSURE 

A qualitative and quantitative EIA for detecting L. pneumophila in water samples is 
disclosed. Critical to the disclosed levels of sensitivity of these EIA's is the use of antigen- 
specific antibodies to the target L. pneumophila antigen that have been rendered antigen- 
specific by affinity purification on a chromatographic column, which antibodies and their 
purification are described in detail in parent application Serial No. 09/139,720 filed August 
25, 1998. 
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EIA FOR MONITORING LEGIONELLA PNEUMOPHILA 
PRESENCE IN WATER SAMPLES 



INTRODUCTION 

This application relates to a test for detecting Legionella pneumophila in water samples 
which is useful, inter alia, for on-site monitoring of both essentially quiescent high sediment 
water, such as heating and air conditioning system cooling tower water and water that is mov- 
ing through pipes or otherwise flowing, such as water that is, or is desired to be, rendered pot- 
able. 

RELATED APPLICATION 
The present invention is a continuation-in-part of U.S. Patent Application Serial No. 
09/139,720 filed August 25, 1998, the disclosure^ which is incorporated herein by reference. 

BACKGROUND OF THIS INVENTION 
The United States Occupational Safety and Health Agency ("OSHA") recommends that 
cooling tower water and other essentially still water having in the order of 1,000 colony- 
forming units or more ("CFU") per milliliter of Legionella pneumonila serogroup 1, the most 
common cause of human Legionnaires disease (also called Legionellosis), should be promptly 
treated to reduce this level substantially. Meanwhile OSHA also recommends that simultane- 
ous medical surveillance and awareness training of building employees, building inhabitants 
and any other persons regularly in the building served by a cooling tower (if that is the source 
of the infected water) and all persons in frequent contact with the infected water source (in the 
case of other infected quiescent high sediment water) plus collection and monitoring of water 



samples from the infected source on a regular periodic basis be instituted. Assessment of past 
sick leave and illnesses of inhabitants and other personnel regularly exposed to the infected 
water, whether it is a building heating and cooling system or elsewhere, to see if any of them 
were infected with a Legionella pneumophila-cmsed illness is also recommended. OSHA fur- 
ther recommends that whenever the water available in a building, or water from another 
source used for drinking, washing and other domestic or public use, contains in the order of 
100 CFU per ml. or more of L. pneumophila serogroup 1, treatment of the water to reduce the 
level of these bacteria markedly and all of the other measures described above should be 
promptly undertaken. 

Unfortunately, the methodologies heretofore available for environmental monitoring of 
these water samples have been less than satisfactory. The bacteria in water samples can be 
cultured and the bacteria identified, but the procedure and the recognition of the specific bac- 
teria grown in culture require highly trained, preferably experienced personnel — and, more- 
over, as much as two weeks after sample collection may be needed before a culture result is 
obtainable. Obviously, such a test is not adequate to situations in which daily or several- 
times-a-day monitoring of the water is the desideratum. It is also less than satisfactory when 
there is reason to infer that a water source has become highly infected and that prompt 
remedial action is of high priority. 

A direct fluorescence assay ("DFA") has been used to some extent for environmental 
monitoring of water samples, but the Centers for Disease Control have assessed this activity 
and have announced that use of DFA does not provide results adequate for effective environ- 
mental monitoring or evaluation of the L. pneumophila content of water. 
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A polymeric chain reaction ("PCR") assay has been used in attempting to monitor L. 
pneumophila in water samples. This technique enables an assay result to be produced within 
the same day that the sample is collected, but it has two significant drawbacks » namely, (1) 
the presence of rust in the sample (a frequent occurrence in cooling tower water samples and 
in water that has run through metal pipes in older buildings) can inhibit the accuracy and sensi- 
tivity of the test, and (2) the test is very difficult to run from a technical standpoint and hence 
has not been widely accepted. 

It should also be noted that L. pneumophila present in building water supplies or build- 
ing cooling towers are, in large part, whole bacteria in contrast to, e.g., L. pneumophila 
detectable in human urine of persons infected with Legionnaire's disease. These whole bac- 
teria have not been subjected to the cell wall degradation that occurs naturally, e.g., in the 
human kidney and, accordingly, detection of their O-poly saccharide antigens, as described in 
the parent application for, e.g. , urine samples, is a more difficult problem. It should further 
be recognized that the likelihood is that some nonviable, and some living, bacteria are likely to 
be present in infected water samples. The tests available, including those herein described, do 
not distinguish between the viable and nonviable bacteria present. 

The need for a rapid test for L. pneumophila serogroup 1 that is of high sensitivity and 
accuracy and can be used, preferably on-site, to monitor L. pneumophila serogroup 1 levels, 
e.g. , in water supplies of buildings and water from building cooling towers has accordingly 
been a grave one. 
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BRIEF DESCRIPTION OF THE INVENTION 
To meet this need, applicants turned first, as more fully described below, to the ICT 
assay for L. pneumophila serogroup 1 that is described in detail in the parent application, 
which produces an assay result within approximately 15 minutes of sample application and is 
well adapted to on-site use because untrained personnel can use it easily. In essence, appli- 
cants found this test to be somewhat useful, but limited by the lower level of sensitivity, spe- 
cifically somewhere between 500 and 1,000 CFU of L. pneumophila serogroup 1 present per 
ml. per liter of water sampled, that it exhibits with water samples in comparison to its much 
more acute sensitivity displayed when used to detect L. pneumophila in mammalian fluids, 
e.g. , human urine. Applicants then developed a modified enzyme immunoassay ("EIA") using 
a coated tube in which L. pneumophila serogroup 1 raw polyclonal antibodies that have first 
been purified according to the affinity purification procedure described and claimed in the 
parent application are first used to coat tubes. The assay, which can produce a test result 
within an hour from sampling, is run by introducing sample and an enzyme conjugate of the 
same affinity purified and antigen-specific polyclonal antibodies to the coated tube, followed 
by an incubation period of at least about 20 minutes, color development and assessment of the 
result. This test was found to be capable, on a highly reproducible basis, of detecting 50 CFU 
per ml. /liter of water sampled, or 5 x 10 4 CFU total introduced into the test tube of L. 
pneumophila serogroup 1. When further modified by extending the incubation period to 60 
minutes and reading after 5 minutes' color development in a spectrophotometer at 450 nm 
absorbance, the same test detected 5 CFU per ml. per liter of water sampled, or 5 x 10 3 CFU 
total per test of L. pneumophila serogroup 1 . 
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In each of the ICT and EIA assays described herein, the use of the antigen-specific 
antibodies obtained by affinity purifying raw polyclonal antibodies to L, pneumophila sero- 
group 1 is critical to the test performance attained. In contrast, substituting unpurified raw 
polyclonal antibodies to L. pneumophila serogroup 1, when used in either the ICT test or the 
EIA test, gave background of such magnitude that differentiating the assay result with test 
sample against a blank run cannot be achieved without the use of complex laboratory instru- 
mentation and skilled personnel to run it ~ neither of which is compatible with rapid on-site 
initial testing and subsequent monitoring. 

DESCRIPTION OF THE DRAWINGS 
Figure 1 is a graph of data collected in running Example 3, a quantitative test. 

DETAILED DESCRIPTION OF THE INVENTION 
The affinity purified antigen-specific antibodies to L. pneumophila serotype 1 are dis- 
closed in the parent application, with detailed examples showing the preferred method for puri- 
fying them. 

The ICT device preferred and its preparation are likewise described in the parent appli- 
cation in detail, especially in Example VII thereof. 

A notable difference between the specific assay procedure described in the parent appli- 
cation and that found effective in assaying both quiescent, high sediment water - here specific- 
ally cooling tower water samples — and low sediment, flowing water samples which in this 
instance were building water supply samples, is that a substantial volume of each water sample 
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should be subjected to a pre-assay step to concentrate the amount of antigen present. This step 
may be a filtration step through a fine pore filter capable of retaining L. pneumophila on its 
surface, whereupon the sample for assay is obtained by swabbing the material retained on the 
filter with a swab comprising a handle and an affixed pad fashioned, preferably, from a 
fibrous material. In lieu of a fibrous material, the swab pad may be made from a foamed open 
pore material. 

To obtain a sample of normally flowing, low sediment water, such as the water supply 
available from the faucet taps of a building, including a household, the volume of water to be 
pre-filtered in preparation for assay is at least 1,000 ml. Water from cooling tower sources 
and other essentially quiescent waters having high sediment loads - e.g. , water from a quies- 
cent pond or pool - will normally provide a filter residue sufficient for assay from a 100 ml. 
cut. The filter preferred by applicants is the Gelman GN-6 Metricel® 47 mm. grid filter hav- 
ing a pore size of 0.45 ym 9 but other filters of the same or smaller pore size, e.g., 0.22 /zm, 
may be used. 

In lieu of filtering, the water sample may be centrifuged at high speed and the sample 
remaining after decanting or aspirating off the water may be transferred to the device. 

Another alternative to both filtering and centrifugation that is known in the art is the 
addition to the sample of an aqueous solution of antibody-coated, extremely finely divided 
magnetic particles. These particles tend to draw the antigen from the sample so it reacts with 
the antibodies on their surface. When a local magnetic field is applied, they are magnetically 
attracted toward one another and form a coherent mass, from which the water can be aspirated 
or decanted. When this form of immunoconcentration is used, one of ordinary skill in 
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immunology, applying techniques well known in the art, can readily design a specific EIA 
procedure that employs the antigen-specific anti-L. pneumophila serogroup 1 antibodies of this 
invention, to provide a satisfactory qualitative or quantitative assay result. 

The preparation of the coated tubes for the modified EIA test may be performed 
according to any conventional protocol for coating such tubes. Applicants' preferred method 
is described in Example 2 hereof, below. 

Example 2 describes how to run a sandwich assay, but those of ordinary skill in 
immunology will readily perceive that the test procedure can be modified by the use of ordi- 
nary skill so as to conduct a competition assay. Furthermore, the sandwich assay described in 
Example 2 may readily be modified to be run in a "forward flow" rather than a simultaneous 
fashion as described in Example 2 so that the sample is added to the tubes and incubated with 
the antibodies for the desired time, the tube is washed and antibody-enzyme conjugate is then 
added, allowed to react for a desired period of time, followed by further washing and color 
development. 

It should further be noted that the incubation time of 20 minutes for tube plus sample 
plus antibody-enzyme conjugate set forth in Example 2 is the minimum time necessary to 
achieve a satisfactory assay and that even much longer incubation times can be used without 
departing from this invention. 

Similarly the EIA can be designed to be run on microtiter plates which may be coated 
with antibodies, or in any other known manner. 

The ensuing examples serve to illustrate the performance of the ICT and EIA tests for 
L. pneumophila serogroup 1 on environmental water samples. It is to be understood that tests 
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for other Legionella pneumophila serotypes and other Legionella bacteria may be analogously 
designed and will be analogously conducted, with the substitution of the antigen-specific anti- 
bodies for the appropriate species or serotype of a species of Legionella, affinity purified 
according to the methods described in the parent application. 

It should be noted that both the ICT test of Example 1 and the EIA test of Example 2 
have been designed as qualitative tests to permit ready use in on-site monitoring and to allow 
on-site personnel to judge from color appearance alone whether an ongoing water treatment is 
effective to reduce L. pneumophila serogroup 1 presence to a safe level or whether, where 
treatment is not yet in progress, initiation of treatment is advisable. A quantitative EIA assay 
run in the same coated tubes used in Example 2 is described in Example 3 and Figure 1 shows 
its results. As those of ordinary skill in immunochemistry will readily recognize, tests run in 
accordance with other well known quantitative techniques, such as providing color intensity 
standards keyed to the number of antigens of L. pneumophila serogroup 1 present per ml./per 
liter of water sampled, could readily be applied. This number of antigens includes those from 
whole bacteria, whether viable or nonviable, and those separated from bacterial cells. As is 
also familiar to those of ordinary skill in immunochemistry, color development in the EIA can 
be stopped with addition of HC1 or other strong acid and color intensity can be read instru- 
mentally as in Example 3. 

Example 1 ICT Test 

A. Preparation of Test Device 
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The ICT device is generally described, and also depicted in drawings, in the parent 
application. Its preparation, including the preparation and construction of the test strip, is 
described in Example VII of the parent application. 

B. Immunoassay Procedure 

Several samples of water were run on identically prepared ICT devices. The first such 
sample was tap water to which Legionella pneumophila serogroup 1 bacteria obtained origin- 
ally from Centers for Disease Control and grown in culture had been added up to a level of 
about 50 CFU per ml. Initially, 1,000 ml. of this water was put through a filtration unit 
having a Gelman GN-6 Metricel® grid filter of 0.45 ^m pore size and a 47 mm. diameter. 
The filtrate was discarded. The sample was collected from the material on the filter using a 
swab with a fibrous Dacron pad which was stroked thoroughly across the surface of the filter. 
The swab was then inserted into the device in the manner described in Example VIII of the 
parent application. Six drops of "Reagent A" - in this instance a solution of .5 M Tris base 
containing 2 percent of SB3-8, a commercially available Zwitterionic detergent from Sigma 
Chemical Co. was added to the swab. This Reagent A has a pH of 8.0 + 0.1. This Reagent 
A has the multiple purpose of dissolving and inducing flow of the sample and assisting cell 
wall breakdown of the bacteria to ensure accessibility of their antigens to the antibodies on the 
test strip. The device was closed and the sample flowed along the conjugate pad. After 15 
minutes the test sample and control lines were viewed in the window. No color was observed, 
showing the sample to be outside the capability of the test to detect. 

By inoculating tap water with the same L. pneumophila serogroup 1 bacteria at suc- 
cessively higher levels of 100 CFU per ml., 500 CFU per ml. and 1,000 CFU per ml. per liter 
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of water sample, and pre-filtering 1,000 ml. of water containing each concentration, collecting 
a sample from the filter in the identical manner and running each of these samples in the ICT 
device in exactly the same manner as described in the preceding paragraph, it was determined 
that no positive sample line could be detected at 100 or 500 CFU per ml. of target bacteria per 
liter of water sample, but a positive sample line definitely appeared in the sample containing 
1,000 CFU per ml. per liter of the L. pneumophila bacteria. Accordingly, it was concluded 
that the sensitivity of the ICT test for L. pneumophila serogroup 1 in tap water is between 500 
CFU and 1,000 CFU per ml., per liter of water sampled. 

This conclusion was confirmed by running the same ICT test on cooling tower waters 
at various L. pneumophila serogroup 1 CFU levels, in a manner in all respects identical, 
except for the volume of water initially filtered, which on these high sediment waters was 100 
ml. rather than 1,000 ml. 

ICT devices were prepared using raw, untreated polyvalent antibodies to L. pneumo- 
phila serogroup 1 and a gold conjugate of such antibodies in lieu, respectively, of antigen- 
specific antibodies purified as disclosed in the parent application and their gold conjugate in 
the corresponding portions of the test strip. 

Several tests were each run in the identical manner described, using tap water and 
cooling tower water containing no added L. pneumophila bacteria. In each of the ICT tests, a 
faint sample line was observed, demonstrating that raw polyclonal antibodies cross react with 
other substances present in most water samples, including benign non-Legionella bacteria, to 
an extent that would render them essentially unusable to distinguish L. pneumophila serogroup 
1 from other substances present in water in an ICT test. 



10 



Example 2 - EIA Test 

This example describes Applicants' preferred embodiment of the modified EIA assay 
for on-site testing of water samples for L. pneumophila serogroup L As already discussed to 
some extent and as those of ordinary skill in immunology will readily perceive, this assay can 
be designed to operate in numerous modes that are well known in the art, using various de- 
vices such as coated solid inserts or coated beads in lieu of coated tubes and using other 
enzymes and chromogenic reagents, or by using chemiluminescent or bioluminescent tags plus 
an instrument to read the result. So long as such other modes employ the antigen-specific anti- 
bodies of this invention, produced by the affinity purification process as described in the par- 
ent application, employing the O-polysaccharide antigen described in that application, they are 
within the scope of this invention. 

A. Preparation of Coated Tubes 

Nunc Star tubes were coated with the antigen-specific affinity purified antibodies to L. 
pneumophila serogroup 1 antigen which are described in the parent case. To effect the coat- 
ing, these antibodies in the amount of 5.0 jug/ml. were added to an aqueous coating solution of 
pH 7.0 containing NaH 2 P0 4 (14.5 g./liter), Na 2 HP0 4 (11.77 g./liter) and glutaraldehyde (25% 
by wt.) in water (0.2 ml. per liter). After mixing, 200 jA of this solution was added to each 
Nunc tube and the tubes were incubated overnight at room temperature. 

The following morning, the solution was decanted from the tubes and to each, 4 ml. of 
a glycine-bovine serum albumen (BSA) solution was added, followed by incubation of at least 
one hour and up to four hours at room temperature. This latter solution contained 7.5 g./liter 
of glycine and 5 ml./liter of 10% BSA and had a pH of 7.4 ±0.1. Following the incubation, 



11 



this solution was decanted from the tubes and 200 iA per tube of a solution of pH 7.4 ± 0.1 
containing 40 g. /liter of sucrose and 100 ml./liter of BSA was added. The tubes were again 
incubated overnight. The following morning the sucrose-BSA solution was removed by 
aspiration from each tube, and the tubes were inverted and left in a dry room for at least 36 
hours. Each tube so prepared had a coating of 1.0 y% of antibody. In other work, it was 
determined that the optimum coating range is from 0.05 //g to 5.0 y% per tube and that at least 
0.05 Mg per test of antibody must be used. 
B . Conduct of the EIA Test 

For these tests, the water to be tested was filtered in the same way as is described for 
the ICT tests. 

For each test, there is added to a coated tube prepared as described in Example 2A, 
200 fA of a buffer composed of aqueous .05 M Tris HC1 with 2 to 5 percent of Tween-20 
having a pH of 7.0 + 0. 1 . Approximately 200 fA of a conjugate of horseradish peroxidase 
(HRP) and znli-Legionella pneumophila serotype 1 antigen-specific antibodies (affinity purified 
as described in the parent application) is added. A swab with a swab pad of fibrous Dacron is 
thoroughly stroked across the filter surface and is then placed into the tube and twirled. The 
tube containing the swab is then incubated for 20 minutes at room temperature, whereupon the 
liquid is pressed from the swab and left in the tube, while the swab is removed and discarded. 
Approximately 100 fA of wash solution of 0.05 M Tris-HCl (also containing 9.0 percent of 
Triton X-100) are added to the tube, and the tube is then filled with tap water or deionized 
water. The liquid in the tube is thereupon decanted. This wash procedure is repeated four 
times with tap or deionized water to remove any unbound conjugate. Following the fifth wash 
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and decantation, approximately 200 fA of a tetramethylbenzidine/peroxide mixture (K-Blue 
obtained from Neogen) is added and the tube is allowed to stand for two minutes. The pres- 
ence of any blue color in the tube after that period indicates the presence of L. pneumophila 
serogroup 1; the absence of color indicates the sample is presumptively negative for L. 
pneumophila serogroup 1. 

In other work it was determined that the amount of conjugate added in this test should 
be between .02/^g and 0.2^g. 

By conducting a series of EIA tests in coated tubes in the manner just described on 
water samples of the same two types employed in Example IB, containing in each instance 
varying known levels of L. pneumophila, it was established that this test can detect as little as 
50 CFU per ml/per liter of sample water of L, pneumophila serogroup 1 per liter of water on a 
repeatable and consistent basis. 

For comparison purposes tubes were coated in the manner described in Example 1 A 
with raw polyvalent antibodies to L. pneumophila serogroup 1 and the assay was run in them 
on both tap water and cooling tower water containing no added L. pneumophila serogroup 1. 
In each instance, these raw antibodies cross-reacted with other substances present to produce a 
bluish tinge in the tube, again demonstrating that raw polyclonal antibodies produce an amount 
of background that renders them infeasible as a reagent for detecting L. pneumophila serotype 
1 in water samples suspected of harboring these bacteria. 

Example 3 

A series of quantitative EIA's for L. pneumophila serogroup 1 were run in the same 
coated tubes described in Example 2, with a longer incubation time and color development 
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period, followed by reading the absorbance at 450 nm of each tube using a Beckmann spectro- 
photometer. 

The samples for these runs were prepared by adding to tap water incremental amounts 
of 5 x 10 3 , 1 x 10 4 , 5 x 10 4 and 1 x 10 5 CFU per test of cultured L. pneumophila serogroup 1 
that had first been rendered nonviable with formalin. Duplicate runs were made at the 5 x 10 3 
and 5 x 10 4 levels. Two blank runs were made with no bacteria (and hence no antigen) pres- 
ent. 

In all cases, the conjugate, assay buffer and wash solution were the same, and their 
amounts were the same, as in Example 2. The incubation time for the coated tube containing 
assay and buffer was 60 minutes in each run. After the tubes were thoroughly washed as 
described in Example 2, K-Blue was added to each tube in the amount described in Example 2. 
The tubes were allowed to stand for 5 minutes at ambient temperature, whereupon 1 ml. of 
1 N H 2 S0 4 was added to each tube to stop color development. The absorbance at 450 nm of 
each tube was then read in the spectrophotometer. 

The absorbances were graphed vs. "CFU/test" and the graph is shown in Figure 1. 
This assay was 10 times more sensitive than the qualitative tests of Example 2. It detected 5 x 
10 3 CFU of antigen per test at an absorbance value 2.5 times higher than the blank, as shown 
in Figure 1. "5 x 10 3 CFU" per test as used here corresponds to 5 CFU antigen/ml. /per liter 
of water sampled. 

Clearly, increased incubation time, increased color development time and/or quantifi- 
cation of the assay using the spectrophotometer improved the test sensitivity. Whether the 
qualitative test can be made more sensitive, e.g. , by lengthened incubation time, is being 
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investigated. It is clear that, for most on-site evaluation and monitoring, the use of the spec- 
trophotometer is infeasible. At the same time, it appears that further development work may 
produce a more sensitive qualitative test. 

Those of ordinary skill in immunology will readily perceive that numerous forms of 
enzyme immunoassay may be devised and utilized without departing from the scope of this 
invention. Furthermore, the concentration step described herein may be omitted in instances 
where the sample for analysis is not dissolved or dispersed in water — such as, e.g. , where it 
is clear that biofilm on the inner surface of a faucet, scum on the inner surface of a cistern 
cover or solids floating on a still pool of water - should be assayed for the presence of L. 
pneumophila serotype 1, a swab may be rubbed over the surface and then used to deliver 
sample directly to an assay device. 

Because it is known that enzyme immunoassays can be developed in so many forms and 
combinations and with so many variations from one another and from the specific EIA's of 
Examples 2 and 3 without departing from the scope of the present invention, it is intended that 
the invention be limited only by the ensuing claims. 
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WE CLAIM: 

1 . An enzyme immunoassay of either the sandwich or competitive type for the 
detection of L. pneumophila serogroup 1 in environmental water in which the detecting agents 
are antigen-specific antibodies obtained by purifying raw polyvalent mti-Legionella pneumo- 
phila serogroup 1 antibodies on a chromatographic column to which is coupled a conjugate of 
an essentially protein free polysaccharide antigen of L, pneumophila and a spacer molecule. 

2. An enzyme immunoassay according to claim 1 in which a pre-assay antigen 
concentration step is first performed on the water sample. 

3. An enzyme immunoassay according to claim 2 in which the concentration step 
is filtration or centrifugation of at least 100 ml. of water and it is followed by rubbing the pad 
end of the swab over the surface on which the antigen has been concentrated, and delivering 
the material collected by the swab to the assay. 

4. An enzyme immunoassay according to claim 2 wherein the concentration step 
comprises mixing at least 100 ml. of water with an aqueous solution of finely divided magnetic 
particles which have been precoated with the antigen-specific antibody of claim 1 and the 
resulting antibody-antigen product is subjected to a modified EI A procedure. 

5. An enzyme immunoassay according to claim 1 wherein the enzyme is horse- 
radish peroxidase, the assay is a sandwich assay and it is conducted in a tube coated with the 
antigen-specific antibodies defined in claim 1 and the sample is incubated with the antigen- 
specific antibodies for at least 20 minutes. 

6. An enzyme immunoassay according to claim 1 in which the antigen-specific 
antibodies are present in an amount between 0.05 i^g per test and 5.0 ^g per test. 
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7. An enzyme immunoassay according to claim 1 wherein at least 0.05 ^g of 
antigen-specific antibodies must be used in each test. 

8. A rapid modified enzyme immunoassay according to claim 1 in which the bac- 
terium to be detected is another serotype of Legionella pneumophila and the purified antibodies 
employed are antibodies to the same serotype. 

9. A rapid modified enzyme immunoassay according to claim 1 wherein the bac- 
terium to be detected is a different species of Legionella from L. pneumophila and the purified 
antibodies employed are antibodies to that species of Legionella. 
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